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SILENCER FOR VENTILATION SYSTEM AND METHODS 
TECHNICAL FIELD 



This disclosure relates to silencers for ventilation systems. One example 
ventilation system discussed herein is an air intake system for a gas turbine, and in 
particular, a silencer arrangement for use with the air intake system. 

BACKGROUND 



It is known to provide, in the direction of air flow in front of turbines, and 
stationary gas turbines in particular, a housing through which the intake air is conducted 
from the surroundings of the turbine. It is common in such cases to dispose in the 
housing various devices to perform functions essential for safe operation of the turbine. 
For example, it is common practice to provide devices for cleaning the intake air and for 
preventing moisture droplets from entering the turbine. The intake air is typically 
cleaned by use of several filter elements upstream from the turbine. 

In addition, it is common practice to clean the filter elements at regular intervals 
by blasts of compressed air in order to improve or restore the permeability of the filter 
elements, which clog with increasing use. The blasts of compressed air typically are 
directed from the downstream side of the elements toward the upstream side to help to 
remove dust and debris from the upstream side of the elements. Cleaning the filters with 
pulse-like thrusts of compressed air generates noise over several frequencies. High 
frequencies can be absorbed by conventional techniques. Low frequency noise presents 
unique challenges. 

In known systems, there is typically a fan arrangement located below the filter 
elements. The fan arrangement operates typically during the pulsing of the filter 
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elements with the compressed air. The fan arrangement includes a series of fans that help 
to exhaust the debris and dust knocked loose from the elements. The fan arrangement, 
however, allows for noise generated by the pulse system to escape. 

Systems and methods for silencing noise from gas turbine air intake systems are 
desirable. 



SUMMARY OF THE DISCLOSURE 



A silencer for a ventilation system is provided. A specific example illustrates a 
silencer for a gas turbine air intake system. The silencer includes first and second body 
sections spaced from each other to define a gas flow path therebetween. 

Preferably, the first body section includes a base, sidewall, and an upper wall. 

The upper wall has a center region with a concave wall smoothly sloping downwardly 
terminating at the sidewall. The base, sidewall, and upper wall together form a first body 
section interior volume, which is, preferably, filled with a packing material. 

Preferably, the second body section has a second body section base, outer 
sidewall, inner sidewall, and upper wall. The base, outer sidewall, inner sidewall, and 
upper wall together define an interior volume that is filled with a packing material. The 
second body section also has a center aperture, wherein the inner sidewall lines the center 
aperture. 

Preferably, the upper wall center region of the first body section projects into the 
center aperture of the second body section. The upper wall of the first body section and 
the second body section inner sidewall and the second body section base together define 
the gas flow path. 

In preferred systems, a fan is supported by the center region of the upper wall. 
Further, in example systems, there is a hopper provided adjacent to the fan. 
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In another aspect, a gas turbine air intake system is provided. The system 
includes a frame; a plurality of filter elements supported by the frame; a reverse-pulse 
cleaning system oriented to periodically direct pressurized fluid into the filter elements 
through a downstream side; a fan arrangement supported by the frame; and a silencer 
arrangement supported by the frame and in gas flow communication with the fan 
arrangement. The silencer arrangement includes first and second body sections spaced 
from each other to define a gas flow path therebetween. 

In another aspect, a method of attenuating noise from a gas turbine air intake 
system is provided. The method includes, in normal operation, directing air from a dirty 
air plenum of a gas turbine air intake system through an air flow path defined by first and 
second body sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a schematic, front elevational view of a gas turbine air intake system 
constructed according to principles of this disclosure; 

FIG. 2 is a schematic, side elevational view of the system depicted in FIG. 1 and 
shown during normal operation; 

FIG. 3 is a schematic, side elevational view of the system of FIGS. 1 and 2 but 
showing the system during bypass operation; 

FIG. 4 is an enlarged, schematic side elevational view of a fan and silencer 
arrangement constructed according to principles of this disclosure; 

FIG. 5 is a perspective view of one embodiment of a hopper, fan, and silencer 
arrangement, constructed according to principles of this disclosure; 

FIG. 6 is a top plan view of the arrangement of FIG. 5; 

FIG. 7 is a schematic, cross-sectional view of the arrangement depicted in FIG. 6, 
the cross-section being taken along the line 7-7 of FIG. 6; 

FIG. 8 is a schematic, cross-sectional view of the arrangement of FIG. 6, the 
cross-section being taken along the line 8-8 of FIG. 7; 
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FIG. 9 is a second embodiment of a hopper, fan, and silencer arrangement 
constructed according to principles of this disclosure; 

FIG. 10 is a top plan view of the arrangement of FIG. 9; 

FIG. 1 1 is a schematic, cross-sectional view of the arrangement in FIG. 10, the 
cross-section being taken along the line 11-11 of FIG. 10; 

FIG. 12 is a schematic, cross-sectional view of the arrangement depicted in FIG. 
10, the cross-section being taken along the line 12-12 of FIG. 10; 

FIG. 13 is a schematic, perspective view with portions broken away of the 
silencer arrangement of FIGS. 5 and 9; and 

FIG. 14 is a table showing results of an experiment. 

DETAILED DESCRIPTION 



A. Overview of System 

The methods of use, arrangements, and constructions disclosed herein are useable 
with a variety of systems. FIGS. 1 - 3 depict one example system. In this case, the 
example system shown is a gas turbine system. The gas turbine air intake system is 
shown schematically in FIGS. 1 - 3 at reference numeral 20. 

In FIG. 2, gas, such as air, is shown drawn into an air intake system 22 at arrows 
23. The air intake system 22 includes a hood 27 and a plurality of gas filter elements 24. 
The plurality of gas filter elements 24 are held within a tube sheet 26. The tube sheet 26 
divides system 22 into a dirty air plenum 46, upstream of the tube sheet 26, and a clean 
air plenum 48, downstream of the tube sheet 26. The air is cleaned with the filter 
elements 24. After cleaning, the air flows downstream at arrows 28 and into a gas turbine 
generator, where it is used to generate power. It should be understood that in FIGS. 1-3, 
only a portion of the air intake system 22 is depicted. This is for purposes of clarity and 
explanation. 
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FIG. 1 shows a front elevational view of the air intake 22. Several filter elements 
24 (FIG. 2) are used and arranged in columns 30. After a period of use, the pressure drop 
across the filter elements 24 will increase due to the collection of impurities. The filter 
elements 24 are periodically cleaned by directing a flow of higher pressure fluid (such as 
a pulse of compressed gas) into the filter elements 24 in a direction from the downstream 
side of the filter element to the upstream side of the filter element 24. This will remove 
at least some of the contaminant and particulate matter from the filter element 24 and 
reduce the restriction across the filter elements 24. Referring again to FIG. 2, a reverse- 
pulse cleaning system 32 is provided in the air intake system 22. The reverse-pulse 
cleaning system 32 is mounted on the frame 34 of the air intake system 22. The reverse- 
pulse cleaning system 32 typically includes a manifold 36 in communication with a 
nozzle arrangement 38. The compressed air is directed by the manifold 36 into the 
nozzles 38. The nozzles 38 direct the compressed air into individual filter elements 24 on 
their downstream sides. Dirt and debris is knocked loose from the upstream side of the 
filter elements 24, where it falls by gravity to a hopper arrangement 40. In the 
embodiment of FIG. 1, it can be seen that the hopper arrangement 40 includes one hopper 
41 for each column 30. In other embodiments, the hopper arrangement can be configured 
to correspond to two or more columns. 

The air intake system 22 also includes a fan arrangement 42. The fan 
arrangement 42, in the embodiment depicted, includes a fan 44 (FIG. 4) located below 
the hopper arrangement 40. In the preferred embodiment shown, there is one fan 44 
corresponding to each hopper 41 . 

When the reverse pulse cleaning system 32 is operating, the fan 44 that 
corresponds to the column 30 being reverse-cleaned operates. The fan 44 helps to draw 
out air from the dirty air plenum 46. The air is exhausted from the fan 44 at arrow 25. 

FIG. 2 depicts the gas turbine system 20 in normal operation. "Normal operation" 
is defined as the air flowing at arrows 23 into the dirty air plenum 46, through the filter 
elements 24, and into the clean air plenum 48. Dirty air is exhausted through the hopper 
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41 and fan 44 at arrow 25. FIG. 3 shows a bypass condition of the gas turbine system 20. 
In FIG. 3, the air intake 22 is clogged for some reason, such as icing. In this condition, 
the combustion air is allowed to full bypass the hood 27. The intake air is rather directed 
through the fan arrangement 42 and hopper arrangement 40. From there, the intake air is 
directed through the filter elements 24 and into the clean air plenum 48. 

Depicted at 50 is an embodiment of a silencer arrangement. In FIG. 1, it can be 
seen that there is a silencer arrangement 50 corresponding to each fan 44. In general, the 
silencer arrangement 50 reduces the noise emitted by the fan 44, the turbine, and the 
reverse-pulse cleaning system 32. The noise is reduced by the silencer arrangement to a 
level below 85 dBA. The silencer arrangement 50 allows for the air intake system to 
operate in both the normal operation (FIG. 2) as well as the bypass operation (FIG. 3). 

B. Example Embodiments of a Silencer Arrangement 

In reference first to FIGS. 5 - 8 and 13, the silencer arrangement 50 is depicted 
with a first embodiment of a typical hopper 41. The hopper 41 can have any operable 
shape. In FIGS. 5-8, the hopper 41 is viewable arranged over the silencer arrangement 
50. In FIGS. 7 and 8, the fan 44 can be seen. 

In the embodiment shown, the silencer arrangement 50 includes a first body 
section 52 and a second body section 54 spaced from each other to define a gas flow path 
56 therebetween. The first body section 52, in the embodiment shown, is on the bottom 
of the arrangement, while the second body section 54 is oriented above or over the first 
body section 52. In general, the silencer arrangement 50 has a pancake-like shape. In 
other words, the silencer arrangement 50 is generally flat. In the illustrated embodiment, 
the arrangement 50 has an outermost width dimension being at least five times greater 
than a height dimension. The outermost width dimension will depend upon the outlet 
dimension of the duct. The height will depend upon the desired sound attenuation 
properties. Other ratios of width to height are possible. 
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In the embodiment shown, the first body section 52 includes a base 60. The base 
60, in the embodiment shown, is the lowermost portion of the silencer arrangement 50. 

In the embodiment of FIGS. 5-8, the base 60, as well as the overall first body section 52, 
has a polygon shape. In particular, the embodiment has an octagon shape. Extending 
from the base 60 is a sidewall 62. The sidewall 62, in normal orientation, will be in a 
vertical plane and will form the sides of the polygon. The sidewall 62, in the 
embodiment shown, is generally orthogonal to the base 60. Extending from the sidewall 
62 is an upper wall 64. The upper wall 64, in preferred embodiments, comprises an 
acoustically permeable membrane 65. The upper wall 64 has a center region 66 that is 
taller than all other portions of the upper wall 64. The center region 66 functions to 
support a fan blade fixation core 67. The upper wall 64 is symmetrical so that the center 
region 66 is in the geometric center of the upper wall 64. The upper wall 64 has a 
concave portion 68 that smoothly slopes downwardly from the center region in a 
direction toward the sidewall 62. In the embodiment shown, the upper wall 64 has a 
planar portion 70 that joins the sidewall 62 to the concave portion 68. One objective of 
this design is to direct air flow aerodynamically, while offering acoustic absorption. 

In FIGS. 7 and 8, it can be seen that the base 60, sidewall 62, and upper wall 64 
together form an interior volume 72 for the first body section 52. Located within the 
interior volume 72 is a first region of packing material 74. The packing material 74, in 
the embodiment shown, is pressed against the base 60, sidewall 62, and upper wall 64. In 
preferred embodiments, the packing material 74 comprises an absorbent material such as 
fiberglass packed within plastic bags. The plastic bags protect the fiberglass against rain, 
dust, snow, or other weather variations. It is, of course, optional to pack the fiberglass in 
plastic bags. There can be improved silencer performance without the use of plastic bags. 
In certain preferred embodiments, the fiberglass will be in a density of 80 kg/m 3 . 

Still in reference to FIGS. 5-8, the second body section 54 is depicted oriented 
above and spaced from the first body section 52. The second body section 54 has a 
second body section base 78, an outer side wall 80, an inner side wall 82, and an upper 
wall 84. The second body section 54 defines a center aperture 90. The aperture 90 
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operates as a receiving opening for hopper 41. The inner side wall 82 lines the center 
aperture 90. As can be seen in FIGS. 5 and 6, the second body section 54 also has the 
shape of a polygon. 

The second body section base 78, outer sidewall 80, inner sidewall 82, and upper 
wall 84 together define a second body section interior volume 86. There is a second 
region of packing material 88 located within the interior volume 86 and pressed against 
the second body section base 78, outer sidewall 80, inner sidewall 82, and upper wall 84. 
As with the first packing material 74, the second packing material 88 preferably 
comprises fiberglass, such as 80 kg/m 3 . The embodiment shown has the fiberglass 
packed in a sealed plastic bag, but need not be in a plastic bag. 

In FIGS. 7 and 8, it can be seen that the fan 44 is supported by the center region 
66 of the upper wall 64 of the first body section 52. The first body section 52 is attached 
to the second body section 54 by brackets or adjustable tie rods, and the overall 
arrangement 50 is linked by a frame to column 30 (FIG. 1). As can be seen in FIGS. 7 
and 8, the hopper arrangement 40 is oriented above the second body section 54. The 
hopper arrangement 44 includes the hopper 41 connected to a fan housing 92. The fan 
housing 92 is tubular and has an inner volume 94. The second body section 54 is secured 
to the fan housing 92 by extending through the second body section center aperture 90. 
The first body section 52 is oriented relative to the fan housing 92 such that the center 
region 66 extends into the inner volume 94 of the fan housing 92. In this manner, the fan 
44 is housed within the fan housing 92 and supported by the first body section 52. 

As can be seen in FIGS. 7 and 8, the gas flow path 56 is defined by the upper wall 
64 of the first body section 52 and the inner sidewall 82 of the second body section 54 
and the base 78 of the second body section 54. By directing air flow this gas flow path 
56, sound pressure levels are reduced because of the geometry of the gas flow path 56 as 
well as the absorbent packing regions 74, 88. 
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Preferably, the first body section 52 is made of a heavy steel, such as 3 - 5 mm 
steel to prevent transmission through the body section 52. The depth of the packing 
material 74, 88 is generous (about 200 - 300 mm) such that the attenuation on the low 
frequency noise is optimized. 

The spacing between the first body section 52 and second body section 54 
forming the gas flow path 56 is preferably constant. The ratio of the spacing relative to 
the length will determine the attenuation characteristics. In one example, the length of 
the gas flow path 56 is at least 10 mm and not greater than 100 mm. In other 
embodiments, the length of the gas flow path could be larger than 100 mm depending 
upon system characteristics and desired sound attenuation. 

As can be seen in FIGS. 7 and 8, in the gas flow path 56 there is an elbow 96. 

The elbow is the intersection between where the gas exits the fan 44 and where the gas 
exits the silencer arrangement 50. The elbow 96 further helps sound attenuation, 
particularly at low frequency. 

Because of the shape of the silencer arrangement 50, the noise is distributed all 
around the perimeter of the silencer arrangement 50. This reduces the sound pressure 
level of the listener because only part of the sound pressure level can be felt by the 
listener. 

Preferably, the gas flow path 56 is lined with a perforated, non-heat conductive 
liner, such as a perforated plastic liner. This will reduce a risk of icing. 

Attention is now directed to FIGS. 9-12. A silencer arrangement 50' is 
illustrated with a second embodiment of a hopper arrangement 40. The hopper 
arrangement 40, in this embodiment, has additional attenuation structure 98. In the 
embodiment of FIGS. 9-12, the silencer arrangement 50' is the same as described with 
respect to FIGS. 5 - 8. In this embodiment, however, to help with further attenuation, the 
attenuation structure 98 on the hopper 41' includes a wall 102 forming a plurality of 
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chambers 104 surrounding the fan 44'. The chambers 104 are preferably filled with 
packing material, such as fiberglass. The hopper wall 102 is preferably made from an 
acoustically permeable material, such as thin rubber, plastic, or micro-perforated 
materials to help the absorption of noise in the dirty air plenum. 

In reference to FIGS. 1 1 and 12, in this embodiment, there is, further, a plurality 
of resonator chambers 106 circumscribing the fan 44'. In this embodiment, the resonator 
chambers 106 can be filled with a packing material, such as a low density absorption 
acoustic material. The resonator chambers 106 help to attenuate some of the noise 
generated by the fan 44'. The resonator chambers 106 are also helpful in attenuating 
reverse-pulse noise and turbine noise. Some embodiments may use: only chambers 104 
(without chambers 106); only chambers 106 (without chambers 104); or use both 
chambers 104 and 106 (as illustrated). 

All of the parts of the silencer arrangement 50' can be covered with a protective 
sheet, such as a thin plastic sheet, preformed in size so that dirt will not affect the long 
term attenuation. In addition, the fan 44' can be constructed of perforated material such 
that the fan noise can be further reduced. 

In use, the silencer arrangement 50 has advantages because it fits in a shallow 
space under the columns of filter arrangements 24. Each one of the silencers 50 has a 
height not greater than 650 mm and a length of about 2200 mm. The silencer 
arrangement 50 also allows for air to enter the gas flow path 56 opposite of the direction 
of fan flow in order to allow the gas turbine air intake 22 to operate in its bypass mode 
(FIG. 3) in case of inlet blockage due to icing. The silencer arrangement 50 helps to 
reduce the perceived noise by the listener because the noise is directed in a circular 
orientation in a horizontal plane that is 90° from the listener. The silencer arrangement 
50 also is effective at noise attenuation at both high and low frequency to reduce the 
sound pressure level below 60 dBA impulse at one meter. The shape of the silencer 
arrangement 50 helps to exploit the natural velocity vectors of the fan 44. 
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C. Experimental Data 



Experiments were conducted with the fan silencer arrangement 50. The results 
are shown in FIG. 14. The unit test is the type shown in FIGS. 5-8. In particular, the unit 
had a gas flow path 56 having a height of 60 mm, a center aperture 90 of 800 mm, and an 
octagonal shape circumscribing a diameter of 2200 mm. Packing material of glass wool 
having a density of 80 kg/m 3 was used. The test system included seven columns 30 of air 
filter elements (arranged in 25 rows). Each pulse in the reverse-pulse cleaning system 32 
had one valve. 

The three bars on FIG. 14 show the following. The leftmost bar is the sound 
pressure Lp in at the hopper arrangement, measured and read on an impulse scale (dB); 
the middle bar is the calculated sound power Lw-out output of the silencer arrangement 
50 based on measured transmission loss; and the third bar is the calculated sound pressure 
Lp-lm at one meter from the silencer arrangement 50. The last arrays shown in FIG. 14 
(at the far right) are the calculated totals in dBA impulse. That is, it is the aggregate 
sound (across all frequencies) and the results sound pressure level. 

The measured Lp-in in represents that pulse noise pressure level measured at the 
hopper arrangement. The Lw-out is the remaining noise power emitted at the exit of the 
silencer arrangement 50. The Lw-out is calculated by deducting the measure insertion 
loss of the tested silencer arrangement. The Lp-lm is the noise pressure felt by the 
listener located at distance of one meter in the horizontal axis of the exit of the silencer 
arrangement. 

As can be seen from the table, the results calculated in the far right array show 
that a total pressure level by a listener standing one meter away from the silencer 
arrangement is about 58 dBA, versus the sound at the hopper of over 100 dBA. This total 
is felt when the listener is at the horizontal axis of the exit of the silencer arrangement. 
The total pressure level measured from underneath the silencer arrangement (rather than 
at the horizontal axis) would be even lower. It is noted that the pressure level reductions 
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achieved by the disclosed silencer arrangement 50 are attained without affecting the 
performance of the fan. 

The results show that the silencer 50 decreases the sound pressure level, emitting 
from the silencer 50 and as perceived by a listener standing one meter away. The silencer 
50, in the embodiment tested, was more effective at reducing sound pressure level at 
frequencies of 250 Hz and higher. The sound pressure level to a listener standing one 
meter away gradually decreases at the frequency level beginning at 3 1 5 hz until 2000 hz. 
It can be seen, however, that the silencer was effective at reducing sound pressure level to 
a listener one meter away across all measured frequencies. 
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